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(54) ELECTRON BEAM IRRADIATOR 




^ < (57)Abstract: 

PROBLEM TO BE SOLVEt): To provide an 
electron beam irradiator which does not cause 
unnecessary discharge in an accelerating tube, 
has a long life and can more uniformly irradiate 
an object with an electron beam, whose power 
source is compact and which is fabricated 
easily. 

SOLUTION: The electron beam irradiator 
which includes a gun structure that has an 
electron source and a gun grid and a 
high-voltage terminal that contains the gun 
structure and passes electrons find emits the 
electrons that passes through the high-voltage 
terminal into an irradiation space by way of an 
electron beam irradiation window is characterized by the use of a field emission element 
for the electron source. 
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CLAIMS 



[Claim(s)] 

[Claim l]An electron beam irradiation device which is provided with the following and 

characterized by using a field emission element for said electron source in an electron 

beam irradiation device which makes electrons which passed through the high voltage 

terminal emit to irradiation space through an electron-beam-irradiation window. 

A cancer structure which has an electron source and a gang lid. 

A high voltage terminal which builds in the cancer structure and passes an electron. 

[Claim 2]The electron beam irradiation device according to claim 1 characterized by 
using graphite nanofiber of a field emission type carbon material, a multiwall carbon 
nanotube, and a single wall carbon nanotube as said field emission element. 
[Claim 3]The electron beam irradiation device according to claim 1 or 2 voltage 
between 1 mm or less, said electron source, and a gang lid being 10 kV an interval of 
meshes of a net of 5 mm or less and the gang lid for an interval of said electron source 
and a gang lid from hundreds of v. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention takes out an electron beam mainly in the 
atmosphere, and relates to the electron beam irradiation device which irradiates an 
irradiation object with an electron beam and performs processing processing. 
[0002] 

[Description of the Prior Art] Drawing 2 is an outline sectional view of the electron 
beam irradiation device which has the conventional cancer structure. In the vacuum 
chamber 21 maintained at the pressure of 10 _1 Pa - 10 ~ 6 Pa, it has the cancer structure 24 
which has the filament 22 and the gang lid 23, and the high voltage terminal 25 which 
builds in the cancer structure 24. And the gang lid 23 has taken out the thermal electron 
emitted from the filament 22 in which energizing heating is carried out by the external 
power. The terminal grid 26 for taking out the thermal electron taken out from the 
cancer structure 24 to acceleration space is formed in the high voltage terminal 25. 
[0003]When the thermal electron by which it was generated with the filament 22 passes 



the opening of the gang lid 23 or the terminal grid 26, with the voltage applied to said 
gang lid 23 or the terminal grid 26, or the shape of an opening, strength, a uniformity 
coefficient, etc. of an electron beam are adjusted and it is taken out by acceleration 
space. The electron 28 accelerated in the acceleration space 27 penetrates the 
electron-beam-irradiation window 29, it is irradiated with it by the processed material in 
the treatment space 30, and predetermined electron-beam-irradiation processing is 
performed. 
[0004] 

[Problem(s) to be Solved by the InventionJAlthough the filament is used for the electron 
source of said conventional cancer structure, the small-gage wire of 500-micrometer 
tungsten is usually used from the diameter 20. The work function of tungsten must 
generally heat filament temperature from 1500 ** to about 2500 **, in order to take out 
a thermal electron from a filament, since it is high as compared with other metal.For this 
reason, in response to the influence of generation of heat of a filament, released gas is 
emitted from the component parts of the acceleration tube set in the vacuum chamber. 
Since this released gas serves as an ion source and it becomes the cause of generating 
unnecessary discharge within the acceleration tube with which high tension is impressed, 
before using a device, preparation operation which impresses preheating, and voltage 
and current beforehand and which is called a conditioning is needed. In order to use an 
elevated temperature in a vacuum, the filament is worn out gradually and a filament will 
go out in about thousands of hours. 

[0005]And at the time of operation, must send heating power to the high-tension side, 
and since the high insulating thing which can bear the high tension of an acceleration 
power source in addition to desired capacity is required and also the power supply for 
heating a filament is also needed, a filament power source, There was a problem that a 
power supply became large-sized and power consumption became large. 
[0006] Since a linear shape filament has a low temperature of the both ends and the 
temperature of a center section is high, the quantity of the thermal electron by which it 
is generated as there are most thermal electrons by which it is generated in the center 
portion of a filament and they approach both ends decreases.Therefore, the problem that 
spatial unevenness arises in the longitudinal direction of a filament is among the 
electron beams produced by accelerating a thermal electron. And as shown in the 
conventional cancer structure of drawing 3, in order to absorb the thermal expansion of 
the hot filament 22, the used machine style 31 was needed, but manufacture is difficult 
and also the used machine style 31 had a problem also in respect of reliability. 
[0007]The place which this invention is made in order to cancel the above problems, 



and is made into the purpose, Unnecessary discharge is not generated within an 
acceleration tube, it can be long lasting, homogeneity can be irradiated more with an 
electron beam to a processed material, a power supply is compact, and it is providing 
the easy electron beam irradiation device of manufacture. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned problem, the 
invention according to claim 1, A cancer structure which has an electron source and a 
gang lid, and a high voltage terminal which builds in the cancer structure and passes an 
electron are provided, A field emission element was used for said electron source in an 
electron beam irradiation device to which irradiation space is made to emit electrons 
which passed through the high voltage terminal through an electron-beam-irradiation 
window. 

[0009]The invention according to claim 2 as said field emission element And graphite 
nanofiber of a field emission type carbon material, It is characterized by using a 
multiwall carbon nanotube and a single wall carbon nanotube, and the invention 
according to claim 3, It is the electron beam irradiation device according to claim 1 or 2 
voltage between 1 mm or less, said electron source, and a gang lid being 10 kV an 
interval of meshes of a net of 5 mm or less and the gang lid for an interval of said 
electron source and a gang lid from hundreds of v. 

[0010]In order not to use a filament for an electron source according to claim 1, claim 2, 
and the invention according to claim 3, heating power becomes unnecessary, can make 
a power supply compact, do not generate unnecessary discharge within an acceleration 
tube, and are long lasting,Homogeneity can be irradiated more with an electron beam to 
a processed material, and an easy electron beam irradiation device of a design and 
manufacture is obtained. 
[0011] 

[Embodiment of the Invention] Hereafter, the example of this invention is described in 
detail with reference to drawing 1 . Drawing 1 (a) is a solid lineblock diagram of a 
cancer structure showing one example of the electron beam irradiation device 
concerning this invention. On the conductive electron source substrate 1, the mixture 2 
with a powdered carbon nanotube nano polyhedron mixture, electroconductive glue, or 
a conductive coating agent is adhered, and the electron source is formed. 
[0012]Since electron emission density is hard to take the nanotube made by the carbon 
arc method in the generated state, it refines and is made powdered. The powdered 
nanotube is distributed in electroconductive glue, and the tip of the nanotube is made to 
project towards the gang lid 3 from on the electron source substrate l.Thus, the mixture 



2 of a carbon nanotube nano polyhedron mixture and electroconductive glue is 
constituted. If electroconductive glue is used, a carbon nanotube can be made to adhere 
to the electron source substrate 1 of arbitrary shape, and if a conductive coating agent is 
used for a change of electroconductive glue, a firmer carbon nanotube dispersion layer 
can be formed. If silver solder is used, into metal, a carbon nanotube distributes and a 
very good combination of electrical conductivity can be formed. As it is in 
JP,11-11917,A, it is good to it also as an electron source to generate a carbon nanotube 
directly on the electron source substrate 1. 

[0013] Drawing 1 (b) is a sectional view of a cancer structure showing one example of 
the electron beam irradiation device concerning this invention. A cancer structure is 
constituted from said electron source and the gang lid 3, and an electron source, the 
gang lid 3, and the insulating insulator 4 are arranged so that it may counter at an 
electron source and the fixed interval which keeps an insulation electric. If a power 
supply is connected so that an electron source may become electronegative potential to 
the gang lid 3, a field-electron-emission type electron source can be constituted. The 
size of an electric field is determined by the interval dl of the gang lid 3 and an electron 
source. If dl is large, required voltage will increase. If the interval d2 of the meshes of a 
net of the gang lid 3 is large, control of an electron beam will become difficult. Drawing 
1_(C) is a front view of the gang lid of a cancer structure showing one example of the 
electron beam irradiation device concerning this invention. 

[0014]By setting the interval dl of the electron source of an electron beam irradiation 
device, and a gang lid as 5 mm or less, and the interval d2 of the meshes of a net of a 
gang lid being 1 mm or less, and choosing the voltage impressed to an electron source 
from hundreds of v in 10 kV, Homogeneity could be irradiated more with the electron 
beam to the processed material, and it has checked that desired electron beam current 
was acquired. As a gang lid and a terminal grid are removed and accelerating voltage is 
directly built over an electron source for simplification of an electron beam irradiation 
device, with the accelerating voltage of 160 kV. When experimented according to the 
electron source (50 mm x 15 mm), 1.1-mA electron beam current could be measured 
and the electron beam current of the uniform request was acquired. As for the electron 
beam current, after 2-hour progress was stable. Either a direct current or exchange is 
OK as a power supply, and pulse power may be sufficient as it. 

[00 15] As a carbon nanotube, the layer of the multiwall carbon nanotube with which 
many layers of cylindrical graphite lapped, or graphite uses the single wall carbon 
nanotube of only one layer. Although the tip part has closed the multiwall nanotube, by 
oxidation treatment, the tip may be broken and electron emission may be increased. A 



section is a rectangular parallelepiped which is about 100 nanometers, and that as for 
which the layer of plane carbon was lapped and made to the longitudinal direction is 
used for graphite nanofiber. Even if it chooses what these kinds of carbon nanotubes as 
an electron source, Desired electron beam current was acquired by setting the interval 
dl of the electron source of an electron beam irradiation device, and a gang lid as 5 mm 
or less, and the interval d2 of the meshes of a net of a gang lid being 1 mm or less, and 
choosing the voltage impressed to an electron source from hundreds of v in 10 kV. 
[0016]As mentioned above, since an electron source turns into a 
field-emission-type-cold-cathode electron source, the heating power of a filament 
becomes unnecessary, since the number of leads can be reduced, it can be considered as 
a compact electron beam irradiation device, and a manufacturing process can be 
simplified. 

[0017]Although the above-mentioned embodiment explained the electron beam 
irradiation device of un-scanning nature direct-current electric field acceleration, It 
cannot be overemphasized that it is applicable to any electron beam irradiation devices 
which do not restrict an electronic acceleration method to this and were provided with 
the means for accelerating an electron in a vacuum housing and the electron source 
which supplies an electron to this. For example, the electron beam irradiation device of 
a scanning type may be used, and the electron beam irradiation device of pulse electric 
field acceleration may be used. 
[0018] 

[Effect of the InventionJAccording to this invention, as explained above, it is possible to 
develop substantially the life of the electronic source of release of an electron beam 
irradiation device, since the gas evolution by filament heating is lost, preheating time 
becomes unnecessary and make ready time for electron beam device starting can be 
shortened extremely. Since structure of an electron source can furthermore also be 
simplified, it becomes simple [ a manufacturing process ]. Since the unevenness of the 
electron distribution based on temperature partial cloth like a filament electron source 
does not start, Since a uniform electron beam can be taken out in various shape and it 
becomes unnecessary [ the supporting structure with a complicated filament ], the 
electron beam irradiation device which requires neither the art which became skillful in 
manufacture of the cancer structure, nor skill is obtained. 
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[Drawing 1] 





[Drawing 3] 
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